Introduction
As part of the U.S. Geological Survey National Water-Quality Assessment Program (NAWQA), water quality in the Santee River Basin and coastal drainages study area (SANT) is being assessed. Gills Creek, an urban stream in Columbia, South Carolina, was studied during a low streamflow period in September 1996. During the study, streamflows were in the lower 30 percent of the 1996 flows in Gills Creek. Samples from 16 sites were collected over 4 days and analyzed for pesticides and fecal coliform bacteria. This fact sheet presents the results of the Gills Creek Basin study.
Where is the Gills Creek Basin?
The Gills Creek Basin is located in metropolitan Columbia, S.C., and drains about 60 square miles. The soils are sandy and have moderately high permeability. The annual mean streamflow at Gills Creek in Columbia (site 1, fig. 1 ) is about 77 cubic feet per second (Cooney and others, 1997) . The annual average precipitation in Columbia is approximately 50 inches per year and is highest during the summer months (South Carolina Department of Natural Resources, 1998).
Gills Creek originates from a springfed pond in the northeastern part of the basin and passes through forest and wetlands before reaching urban areas ( fig. 1 ). Vegetation consists of scrub oak, pine, and cactus in the undisturbed areas. Tributaries entering Gills Creek include Rowell Creek, Jackson Creek, Little Jackson Creek, Eightmile Branch, Penn Branch, and Wildcat Creek. Land uses in the tributaries and lower part of the basin include mainly urban and forested areas, with a small percentage of barren and agricultural land. Vegetation, where it occurs in the urbanized areas, consists of tropical lawn grasses and pine trees. The urban landscape consists of residential subdivisions and commercial and shopping areas; golf courses and lake communities are common. The Gills Creek Basin has been experiencing rapid urban development since the late 1960's. The bulk of the residential growth has been single-family houses with less than 1-acre lot sizes.
Pesticides in the Gills Creek Basin
Pesticides are used on a regular basis for agricultural, commercial, and domestic purposes to control insects and selected vegetation. Because of their widespread use, pesticides commonly occur in creeks, streams, and lakes (Larson and others, 1997) . Pesticides have several potential pathways to enter surface waters. Pesticides may enter surface waters as a result of direct application of herbicides to streams or streambanks to control weed growth. Atmospheric deposition results from precipitation scouring contaminants from the air and depositing them on the ground or directly into the streams. Nonpoint-source runoff of pesticides occurs when rain washes over the ground surface, carrying contaminants into nearby streams. Pesticides also can soak into the ground and can enter streams in groundwater discharge.
A common "adjusted" method reporting limit (MRL) of 0.01 micrograms per liter (jig/L) was used to compare the detection frequencies of pesticides having different MRL's. Using an adjusted MRL results in a loss of detection information, however, it allows a uniform comparison of the pesticide detection frequencies. Of 47 pesticides analyzed, 10 were detected above the adjusted MRL of 0.01 (ig/L. Samples from 14 of the 16 sites had detectable concentrations of at least one pesticide, and 12 sites had at least five pesticides detected.
Tebuthiuron was the most commonly detected pesticide (14 sites), followed by diazinon (13 sites), and atrazine (12 sites). Tebuthiuron is an herbicide used to control weeds in non-cropland areas, right-ofways, and industrial sites. Common trade names for tebuthiuron include Brush, Bullet, Graslan, Herbec, Reclaim, and Spike 1 . Diazinon is an insecticide used to kill cockroaches, silverfish, ants, and fleas in residential areas, and on home gardens and farms to control a variety of other Use of trade names does not imply endorsement by the U.S. Geological Survey.
insects. Common trade names for diazinon include Basudin, Dazzel, Gardentox, Kayazol, Knox Out, Nucidol, and Spectracide. Atrazine is an herbicide used to control weeds in cropland and industrial areas. Atrazine use is restricted because of its potential to contaminate ground water. Common trade names for atrazine include Aatrex, Alazine, Farmco Atrazine, Primatol, Simazat, and Zeapos.
Other detected pesticides include carbaryl and dieldrin. Carbaryl is a widespectrum insecticide that is used on crops, forests, lawns, poultry, livestock, and pets. Common trade names for carbaryl include Adios. Bugmaster. Crunch, Dcnapon, Nac, Sevin, and Tornado. Dieldrin is an insecticide that was used widely from 1950 to 1970 to control pests on crops. In 1974, the U.S. Environmental Protection Agency banned all uses of dieldrin except for termite control. In 1987, dieldrin was banned for all uses. Because dieldrin breaks down slowly, low levels are still being detected in the environment. Dieldrin also was detected during a study of shallow ground-water quality in Columbia during summer 1996 (Reuber, 1999) . The number of pesticides detected at a site increased as the percentage of urban land use increased. Penn Branch (100 percent urban) had the most pesticides detected (9), and Gills Creek at Boyden Arbor Road (14 percent urban) and Rowell Creek at Dixie Road (5 percent urban) had no pesticides detected (table 1) .
Are the Pesticide Concentrations in the Gills Creek Basin Harmful?
Concentrations of three insecticides exceeded the chronic criteria to protect aquatic life: diazinon, carbaryl, and dieldrin (table 2) . Diazinon exceeded the chronic criteria for aquatic life in each of 13 detections; carbaryl exceeded the criteria 8 times in 10 detections; dieldrin exceeded the criteria in each of two detections. At sustained concentrations above the criteria, aquatic life and reproduction may be reduced or impaired. None of the pesticides exceeded their respective U.S. Environmental Protection Agency maximum contaminant level or health advisory level (finished drinking-water standards).
Fecal Coliform Bacteria
High levels of fecal coliform bacteria in streams and lakes may indicate the presence of more serious disease-causing organisms. Cholera, typhoid fever, bacillary dysentery, and infectious hepatitis are some of the well-known waterborne diseases that spread through water contaminated with fecal matter and that affect human and animal health. Eye, ear, nose, and throat infections also can result from contact with contaminated water. High bacteria concentrations can occur in urbanized areas with point-source discharges, landfill leakage, storm drains, runoff of pet waste, overflowing sewer lines, or failing septic systems.
In South Carolina, water-quality standards state that fecal coliform concentrations may not exceed a geometric mean of 200 colonies per 100 milliliters (col/100 mL) from five consecutive samples collected during any 30-day period, and no more than 10 percent of the total samples during any 30-day period can exceed 400 col/100 mL (South Carolina Department of Health and Environmental Control, 1992) . Streams or lakes having fecal coliform concentrations greater than 400 col/100 mL are not considered safe for swimming or other direct bodycontact activities.
Fecal coliform concentrations ranged from 37 to 1,700 col/100 mL in the Gills Creek Basin. Of the 16 sites, 8 had fecal coliform concentrations greater than 400 col/100 mL ( fig. 2 ). Fecal coliform concentrations were lowest in Gills Creek above Forest Lake, and highest in the downstream section of Jackson Creek and at both Eightmile Branch sites. Because these samples were collected during low streamflow conditions, fecal coliform concentrations may have been lower than they would have been under average or high streamflows. Bacteria concentrations often increase during high streamflows; therefore, care should be taken during recreational use of these streams. Thirteen additional samples were collected and analyzed for fecal coliform bacteria from October 1995 through September 1996 in Gills Creek at Columbia (site 1). Concentrations ranged from less than 20 col/100 mL to just over 1,100 col/100 mL, and only two of the 13 samples exceeded 400 col/100 mL. 
